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(54) PRODUCTION OF FLAME-RETARDED POLYMETHACRYLIMIDE FOAM, 
POLYMETHACRYLIMIDE FOAM, AND FLAME-RETARDANT ADDITIVE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a 
process for producing a flame-retarded 
polymethacrylimide foam capable of controlling 
the use of a flame-retardant and attaining as 
high an LOI value as possible by adding a 
specified component. 
SOLUTION: In the production of a flame- 
retarded polymethacrylimide foam, an ordinary 
flame-retardant and 0.1 to 4wt.% of an epoxy 
resin are added to a polymerization batch for 
polymethacrylimide foam. The flame-retardant 
is a halogen or phosphorus compd. It is 
advantageously an organophosphorus compd., 
particularly dimethyl methanephosphonate. 
The amt. of this compd. is usually about 5 to 
1 5wt.% based on the monomer used. 
Examples of prefered epoxy resins include 
bisphenol A/epichlorohydrin oligomer, 
bisphenol F/ epichlorohydrin oligomer and a 
combination of them, which may contain a 
cross-linking agent (such as 1 ,6-hexane 
diglycidyl ether). 
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Claims 


[Claim(s)] 

[Claim 1]A manufacturing method of poly methacrylic imide form adding usual fireproofing 
reagent and 0.1 to 4 weight % of epoxy resins in polymerization batch for poly methacrylic 
imide form in a manufacturing method of poly methacrylic imide form flame proofed and 
which was flame proofed. 

[Claim 2]A method according to claim 1 of adding 0.2 to 2.5 weight % of epoxy resins in 
polymerization batch. 

[Claim 3]A method according to claim 2 of adding 0.4 to 2.1 weight % of epoxy resins in 
polymerization batch. 

[Claim 4]A method given [ from Claim 1 to 3 ] in any 1 clause which uses dimethylmethane 
phosphonate as usual fireproofing reagent. 

[Claim 5]Poly methacrylic imide form having 25 or more LOI values. 

[Claim 6]The poly methacrylic imide form according to claim 5 whose LOI value is 26 or 

more. 

[Claim 7]Poly methacrylic imide form having 25 or more LOI values and which was 
manufactured based on a method given [ from Claim 1 to 4 ] in any 1 clause. 
[Claim 8]A flame-proofing additive agent for poly methacrylic imide form which consists of 
epoxy resins. 
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Detailed Description 


[Detailed Description of the Invention] 
[0001] 

[Field of the lnvention]This invention relates to the manufacturing method, the poly 
methacrylic imide form, and the flame-proofing additive agent of the poly methacrylic imide 
form flame proofed. 
[0002] 

[Description of the Prior Art]Poly methacrylic imide form is conventionally publicly known 
(for example, refer to the Germany patent No. 2726260 Description). This for the high 
thermal type-like stability, good pressure resistance, and slight weight, For example, it has a 
large use as a layer processing material or a core raw material of a form complex (refer to 
the Germany patent No. 2822885 Description, the Germany patent application public 
presentation No. 3304882 Description, and the US,4316934,B Description). When using it 
especially by airplane manufacture, a high demand is set up about low inflammability. 
[0003]The so-called highest possible value of the minimum oxygen density expressed with 
the form of a LOI value (Lowest Oxygen Index) is contained especially in this demand. The 
more LOI is high, the more the charge of a sample board cannot ignite easily. A LOI value is 
an ATSM standard. D 2863 : It is measured by Standard Method of Test for Flammability of 
Plastics Using the Oxygen IndexMethod. A LOI value is equivalent to the oxygen / nitrogen 
gas mixture in which the synthetic resin sample which lit the upper bed portion is just burned 
down thoroughly. For example, in poly methacrylic imide form, only addition of fireproofing 
reagent can attain the high LOI value above 23. 

[0004]The methacrylic nitril which contains phosphoric acid and JIPUROMU propyl 
phosphate as formic acid and a flame-proofing additive as a foaming agent from the 
Germany patent No. 2047096 Description, The polymethacrylamide form which was 
manufactured by heating the copolymer which consists of methacrylic acid, methyl 
methacrylate, and a maleic anhydride and which was flame proofed is publicly known. If it 
heats at 150-200 **, the ring closure of the unit of methacrylic nitril and methacrylic acid will 
be carried out, and it will become per methacrylic imide. Since phosphor content is 1 .5 to 3 
weight %, the water absorption of such form is high in comparison, and mobilization arises 
with a flame-proofing additive further for it not to be desirable. 

[0005]According to the European Patent No. 146892 Description, this problem is solved by 
using or using together organophosphorus compound (DMMP), for example, 
dimethylmethane phosphonate, or diethylether alkoxy carbonylmethanephosphonate. These 
compounds are usually used for the polymerization batch of poly methacrylic imide form in 
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about 5 to 15weight % of quantity. In this way, a LOI value can be made to reach by about 
24. Since comparatively a lot of fireproofing reagent brings positive degradation to the 
characteristic like pressure resistance as compared with the form which always is not flame 
proofed still, more for example, efforts to restrict use of DMMP to minimum, for example are 
made. 

[0006]An epoxy resin is obtained from making an aromatic dihydroxy compound, for 
example, bisphenol A, or the bisphenol F and epichlorohydrin (1-Krol 2,3-epoxy propane) 
condense, This resin can be stiffened as liquefied casting resin (reaction resin) using a cross 
linking agent, for example, polyfunctional alcohol, or AMINO. An epoxy resin, Comparatively 
as a flameproof synthetic resin. . [ publicly known ] (For example, .) M.W.Ranney (1974): Fire 
Resistant and Flame Retardant Polymers, Noyes Data Corporation, Park Ridge, New Jersey, 
London, Refer to England and 123-126 page. The flame-proofing operation of the epoxy 
casting resin which has not been hardened as an additive to poly methacrylic imide form is 
not known. 
[0007] 

[Problem to be solved by the invention]There is SUBJECT of this invention in providing 
the flame-proofing method for having been improved for poly methacrylic imide form which 
makes it possible to restrict use of conventional fireproofing reagent like DMMP, and to attain 
the highest simultaneous possible LOI value. 
[0008] 

[Means for solving problem]ln the manufacturing method of the poly methacrylic imide 
form flame proofed, said SUBJECT is solved by adding usual fireproofing reagent and 0.1 to 
4 weight % of epoxy resins in polymerization batch for poly methacrylic imide form. 
[0009]This invention includes further poly methacrylic imide form which has 25 or more LOI 
values. Use of an epoxy resin as a flame-proofing additive for poly methacrylic imide form is 
included similarly. By a method by this invention, poly methacrylic imide form which has a 
high LOI value and a good mechanical characteristic and which was flame proofed is 
obtained. Bringing about an improvement of such a LOI value completely had usual 
fireproofing reagent and an unexpected combination of an epoxy resin at that time. 
[0010] 

[Mode for carrying out the invention] 

Poly methacrylic imide form poly methacrylic imide form is a structural formula. : [001 1] 
[Chemical formula 1] 
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[001 2] It is shown by ************** } and from SOweight % of a unit of a polymer, there are 
many these units and they occupy 60 to 90 weight % advantageously. When heating this unit 
at 150-250 **, it is formed by ring closure isomer-ized reaction from a unit which methacrylic 
acid and methacrylic nitril adjoined (refer to the Germany patent No. 1817156 Description, 
the Germany patent No. 2726259 Description, and the European Patent No. 146892 
Description). First a monomer Usually, a temperature low under existence of a radical 
polymerization initiator, for example, 30-60 **, A catalyst precursor is manufactured and it is 
made to foam with a foaming agent contained by ranking second and heating this catalyst 
precursor to about 180-250 ** by carrying out afterbaking to 60-120 **, and polymerizing it 
succeedingly (refer to the European Patent No. 356714 Description). 
[0013]The monomer mixture used for manufacture of form contains methacrylic acid and 
methacrylic nitril as a basic component by the mole ratios 2:3-3:2 advantageously. Since the 
conversion to the methacrylic imido group of the monomer which polymerized does not 
always advance thoroughly between heating of a reaction batch and foaming, this polymer 
contains the monomeric unit often used in early stages of the small rate again. Another non- 
imide system unit is additionally used together, and can originate in the comonomer which 
the unit which polymerized being difficult or completely cannot convert into an annular imido 
group. As comonomer, for example Acrylic acid or methacrylic acid, Ester, styrene, maleic 
acid or its anhydride, itaconic acid or its anhydride, vinyl pyrrolidone, VCM/PVC, or a 
vinylidene chloride with the lower alcohol which has especially a carbon atom of 1-4 can be 
used. The rate of comonomer should not exceed 10 weight % advantageously 30weight %. 
[0014]As another monomer, similarly The cross linking agent, for example, allyl acrylate, of a 
small quantity [ a publicly known method ], Polyvalent metallic salt of allyl methacrylate, 
ethylene glycol diacrylate, ethylene glycol dimethacrylate, acrylic acid, or methacrylic acid, 
for example, magnesium methacrylate, is used advantageously. A quantity rate is 0.05 to 1 
weight %, for example. 

[001 5]A thing, for example, an azo compound, for example, AZOJI isobutyronitrile, usual [ as 
a polymerization initiator ] to a polymerization of the very thing methacrylate, And peroxide, 
for example, dibenzo RUPERU oxide, or JIRAU roil peroxide, Or other peroxide compounds, 
for example, t-butyl PEROKUTANO art, Or pel ketal, For example, a redox reaction initiator 
is used depending on the case (for this reason.). All of a sudden **** H.Rauch-Puntigam, Th. 
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Voelker and Acryk und Methacrylverbindung en, Springer and Heidelberg, 1967 Or Kirk- 
Othmer, Encyclopedia of Chemical Technology, Vol.1, 286 pages, John Wiley & Sons, New 
York, 1978 references. A polymerization initiator is advantageously used in 0.01 to 0.3weight 
% of quantity to starting material. It is also advantageous to combine a polymerization 
initiator which has the different decomposition characteristic about time and temperature. For 
example, t-butyl pel pivalate, t-butyl pel benzoate, and t-butyl ****- 2-ethylhexanoate are 
preferred. 

[0016]For foaming of a catalyst precursor in a conversion process to a polymer of imido 
group content, a foaming agent which forms the gaseous phase by decomposition or 
evaporation at 150-250 ** is used by a publicly known method. A foaming agent which has 
amide structure, for example, urea, monomethyl urea or N,N'-dimethylurea, a formamide, or 
the monomethyl formamide can separate ammonia or amine in the case of decomposition, 
and these can contribute for additional formation of an imido group. However, it is also 
possible to use fatty alcohol, for example, propanol, butanol, isobutanol, a pentanol, or a 
hexanol of monovalence which has a foaming agent which does not contain nitrogen, for 
example, formic acid, water, or a carbon atom of 3-8. A foaming agent is used in about 0.5 to 
3weight % of quantity to a monomer by which normal use was carried out in a reaction batch. 


[0017]As a metal salt additive which carries out a smoke-consuming operation 
simultaneously, according to the Germany patent No. 2726260 Description, into this mixture 
further, Acrylate of an alkaline metal, alkaline-earth metals, tin, a zirconium, or lead, 
methacrylate, or another compound of said metal can be added as long as they are fusibility 
in a monomer batch. The usual quantity is in 0.5 to 2weight % of within the limits to other 
monomers. 

[001 8]A conductive particle can be added in order to prevent static electricity electrification 
which is not preferred based on the European Patent No. 356714 Description. In this case, 
metal, for example, aluminum, nickel, an iron alloy, titanium, tin, or the particles that consist 
of conductive carbon black again can be used. There may be the amount used in 0.1 to 
10weight % of the range to the used monomer, and is usually used at about 1 to 5 weight %. 
[0019]As a flame-proofing additive usual flame-proofing additive, a publicly known 
halogenated compound or phosphorus compounds is used. The organophosphorus 
compound by the European Patent No. 146892 Description, especially dimethylmethane 
phosphonate (DMMP) are advantageous. The amount of anticipated use is in about 5 to 
15weight % of within the limits to a use monomer. For example, if the amount of DMMP used 
is increased, generally the other heat and mechanical properties of form will deteriorate. 

[0020]ln order to obtain the usual advantageous characteristic and the poly methacrylic 
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imide form which has a high LOI value simultaneously, according to this invention, the 
conventional flame-proofing additive is compensated by addition of an epoxy resin. In that 
case, to all the batches of a monomer, it is 5 to 10weight % of quantity, and 0.1 to 4 weight % 
of epoxy resins use DMMP advantageously together with 0.4 to 2.1 weight % especially 0.2 
to 2.5weight % advantageously, respectively. 

[0021]The epoxy resin called epoxy reaction resin, An aromatic dihydroxy compound, for 
example, bisphenol A, or the bisphenol F and an epoxy compound, for example, a 
condensation product with epichlorohydrin (1-Krol 2.3-epoxy propane), are contained as 
oligomer which has molecular weight about 500 to 2000 Dalton. Depending on the case, 
these contain alcohol of a cross linking agent, for example, many functional values, or amine 
of many functional values simultaneously. Suitable epoxy reaction resin, for example 
Bisphenol A-epichlorohydrin oligomer or bisphenol F-epichlorohydrin oligomer, Or it may 
contain, both combination and cross linking agent, for example, 1.6-hexanediol diglycidyl 
ether. Especially suitable epoxy reaction resin About 50 weight % of bisphenol A- 
epichlorohydrin oligomer, About 25 weight % of bisphenol F-epichlorohydrin oligomer is 
contained, and in that case, the molecular weights of oligomer are about 700 Dalton, and 
contain about 25 weight % of 1 .6-hexanediol diglycidyl ether as a cross linking agent. The 
****ing output is marketed (for example, trade name Ruetapox< R >0166/[ of BakeliteGmbH, 
Iserlohn, and Deutschland ] S). 
[0022] 

[Working example] 

Manufacture methacrylic acid 50 weight section of poly methacrylic imide form which has a 
different flame-proofing additive, And methacrylic nitril 50 weight section, formamide 2.5 
weight section, H 2 01 weight section, t-butyl pel pivalate 0.1 weight section, Fireproofing 
reagent of quantity which is different, respectively into a homogeneous mixture which 
consists of t-butylperbenzoate 0.1 weight section, t-butyl ****- 2-ethylhexanoate 0.034 weight 
section, and ZnO0.7 weight section was added. 

[0023]As fireproofing reagent, they are dimethylmethane phosphonate (DMMP) and an 
epoxy resin. Ruetapox< R >0166/S (50 weight % of bisphenol A-epichlorohydrin oligomer) About 
25 weight % of bisphenol F-epichlorohydrin oligomer, About 25 weight % of 1 .6-hexanediol- 
diglycidyl-ether; manufacturer Bakelite GmbH, Iserlohn, and Deutschland were used as a 
molecular weight of about 700 dalton of oligomer, and a cross linking agent. 
[0024]A plate with a size of 500x500x23 mm was polymerized between glass plates of two 
sheets which surrounded this mixture in seal code at 38 ** for 48 hours. This plate was 
succeedingly heat-treated at 1 15 ** for 3 hours. It was made to foam by subsequently to 

about 220 ** heating an obtained polymer plate for 2 hours. From this home plate, thermal 
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type-like stability is based [ density ] on DIN 53424 by kg/m 3 based on DIN 53421 in pressure 

resistance, and it is an ASTM standard about a LOI value. It measured based on D 2863. 

[0025]The quantity and the checked value of fireproofing reagent are clear from a lower 

table. 

[0026] 

[Table 1] 



A 

B 

C 

D 

E 

F 

G 

dmmp mmm 

10 

15 

10 

7.5 

10 

10 

O 

Rutapox® 0166/S 
(■•») 

0 

0 

0.5 

0.5 

1-8 

2.0 

10 

met [kg/m3j 

74.8 

75.2 

73.1 

65.7 

BB 

143 

75 

[N/mm 2 ] 

1.08 

0.93 

1.47 

1.33 

n.b 

n.b. 

1.7 

t°C] 

195 

204 

206 

205 

n.b. 

n.b. 

200 

LOI 

23 

24 

26 

26 

27 

30 

21 
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Appendix 

The origin of this translation is the web service "Patent Abstracts of Japan" (PAJ). 

PAJ is provided by the Patent Office of Japan (JPO) and the National Center for Industrial 
Property Information and Training (INPIT). 

JPO and INPIT give the following hint on there service: 

JPO and INPIT are not responsible for any damages caused by the use of this 
translation. 

7. This document has been translated by computer. So the translation may not 
reflect the original precisely. 

2 ***** S fr OW$ fa e w 0rc i which can not be translated. 
5. In the drawings, any words are not translated. 

This text is an machine translation, may be not perfect and is not suitable for any process of 


law. 


For more information see http://wwwjpdl.inpit.goJp/homepg_e.ipdl . 
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0 °cxftMitzimmz± -5 T^fflSr^-r hmm* 
mm-th, T$.Ym&£tt&mm. tztumm. 
^jx^H-mmtfzitN, N- -~j*+)vm&. 
ts H4?t{4 ; ey^f-;i/*;i-^rs vizfrmcom. tv 

^-TttzlZT^yZMMl. c\tlh\tA 5 H*cO#jD 

k-t{47"n^v-;i-. -^y^y-zK ^ 

y ^ y -;i^4 tsf^v / -tv* ®m~? s z 1 1 ^ggT 

*HWJI4Ri&' , W ilSttfflSitfe^yv 

[0017] N^ffcrMaf^ffl-f 4AJnaaanfti: lt, 
K^f vmm*m2 72626 o-^FWicftoTf&i-^ 

§ ^> . TiVf] y t L < (4T^^ U iJHA*. 

i> i < (4y y y y /ngis, 4 ft{4i^a&»os'J?>tt^ 
^ix^»*^yv-ys'-yf-4:X'-^i4T-j>i>ii , 5. as 

TO. 5~2S*%cO«fflrtfc:»4. 
[0018] 3-o yjyftftf$3 567 1 4#BJ$ffl»^ 


(4) 
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JR. tz b x.\f7)V 5 —tyJ* , x.y$-/K + ?y 

itt/v-^LTO. i~i os*%<o«5Hl*^£-?T 
[0019] KiODl&» 

•y^fFSil 14 6 8 9 2#HJJ«l»fc: «t S*»'J >"ft^ 
Bk Wfc^-X-f-^^VJhXjh^-h (DMMP) f S> 

s. miscommmi. «Mty7-t*tu»5-i 5 
[0020] Mttttmttffitsxvmmz-is^Lo i 

fc. *JfiW(c iftm&fcoffii&flni^M^x;^ HSI 

V-O^/^yf-fcttLT. DMMP£5— l 011%« 
X^df.^»H0. 1-411%, *5pJ£J40. 2 
-2. 5fi*%, ftfcWfOKiiO. 4-2. lMMXt 

[002 1 ] x^yRjSiffllfc fc«;§*u>x;i«f MS 

;)>- A * fcii fx 7xy-;HFL x^ i/tt&Wz 
fcxtifxtr^n^t Fyy ( i-?n/w-2. 3-x*° 

^rtMW) fc(7)ffi^^Sr^i^5 0 0 — 2 0 
0 0 K;Ph>SrWr«.^y^v-i: *£• 

fcxtf* ^M/QSIIf i . tzk. xlfb'X7x/-;i/-A- 
x tr? o/u h h y y - 7f y =r 4 tz it fx 7 x y 

# jB&x** ^RJdHIttt . t'X7x/-;HA-x t° 

-;l/-F-xt°^n;l/b H»J y-:*y rfv— #2 5M 
%&-§r*U -eolfc*y rfv-<D4H~*l±ift7 0 0 


h y~c$> 0 . Mtffc: i . 6 -^-9-y^-;Px^y 

J^S^RWtiTffJR^nrv^ (fcfcX-if Bakelite Gm 
bH, Iserlohn, Deutschland COffinl^ Ruetapox( R > 016 
6/S ) „ 
[0022] 

[ listen ] 

M^i»!ffi^jDi^»**-ri.^yy $9 y;M $ h • 

7 3—AWfgt 

0SMIH5. *;^7SK2. H 2 OHi 

t -yf-;l-^.;l'hvsv- h 0 . 1 Sfigfl. t -7> 
/K/Ky/7- h 0 . 1 aSSPis XV t - 7*f-/!^W 
-2-xf;K^ft/7-bO. 0 3 4S4SM3 J:t/Z 
nOO. 7SaMiFb%&*m%W.&falz* ZixZ'ixm 

[0023] Rsuamffji: LT. ^y^/M ?y*x* 

h (DMMP) tsiffx^df vtSfli Ruetapox") 0 
166/S (t'X7i;-^-A-xh7nik K'Jy-^ 
y^"7— 5 0S*%. h'X7 s y-/l/-F-xt7D/P 

h h y y- * y ^v-^ 2 5 sa% , * u =r v-oiHf 

*-/P^y;^PX--f;l4!j2 5S*% ; S^tt Bak 
elite GmbH, Iserlohn, Deutschland) £f£fflLfc. 
[0024] US&&fo£ 3 8°CC4 8B#H, 5^-/P3- 
KTfflfflLfc 2ft<O#5X«0)ISrC. 500X500X 
2 3mm«*££<7}7l^-M;:fi^£i#7^ li7V-h 

1 1 5 o c-c-3B#r H i^JiL^. »^nfc#y 
bz.ifo ^x-m 2 2 0 "c iz 2 tmwkt& z 

k g/m 3 T, iSJBSJ^Sr DIN 5342 1 

# s mW&3&&& DIN 53424 , & X 

t/LO IfflSrASTM^ D 2 8 6 3 izm^ZMfe 

Ltz, 

[0025] ffimnxmnm&kvmzztitzmitT?) 

[0026] 
[HI] 



A 

B 

C 

D 

E 

F 

G 

DMMP (1195) 

10 

15 

10 

7.5 

10 

10 

0 

RuttpOX® Q166/S 

mmm 

0 

0 

0.5 

0.5 

1.5 

2.0 

1.0 

S&* [kg/m3j 

74.8 

75.2 

73.1 

65.7 

8B 

143 

75 

[N/mm 2 ] 

1.08 

0,W 

1.47 

1.33 

n.b 

n,b. 

1.7 

[•C] 

195 

204 

206 

205 

n.b. 

n.b. 

200 

LOI 

23 

24 

26 

26 

27 

30 

21 
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(si) int. ci. 6 iif fflw? fi &i»^@m 

C0 8L 63:00) 

a— v-x^i^a. b 7— b 15 


